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LABORATCRY INTRA-LABORATORY MEMO
Jan. 4, 1991
To: Tuncer M. Kuzay

From: Zhibi Wang é@‘)

Subject: Thermophysical and Mechanical Properties for Glid-Cop

After several days compilation, a preliminary version of Glidcop data is
ready. in which I have tried to put in all the data that are available to me at
this moment. The effort is still going on to incorporate more data. Please
make comments and suggestions, and correct possible erratum.

ce: Jeff Collins
Ali Khounsary
-Tom Nian
Deming Shu
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SCM MTL Data

Glid-cop Properties

SCM MTL UT, J. D. Traxell

Mechanical Properties of Glidcop AL15 LOX
with Different Plates Thickness

ThicknessCold Reduction UTS | 0.2%YS | Elogation |Hardness
(mm) (%) (MPa) | (MPa) | (% in 25mm)| (HRB)
28.0 58 475 427 10 74
125 75 482 | 455 10 78
3.0 93 | 552 | 524 | 7 79

Mechanical Properties of Glidcop AL15 LOX
with Dillerenl Plales Thickness (aller stress relief heat treatment)

ThicknessCold Reductior UTS | 0.2% YS | Elogation |Hardness
(mm) (%) (MFa) (MPa} | (% in 25mm) | (HRBB)
125 | 75 469 | 441 11 77
3.0 | 83 530 | 500 | 10 78

Swelling in Meutren Irradiated Glideop DSC and Copper Alloys

Material Vol % Increase after Irradiation
o 3dpa| 15dpa

C15720 0.8 0.9

C15760 5.4 0.6

OF Copper (99.95%) 1.8 6.8

Marz Copper (99.999%) 2.1 6.6

Copper-Zirconium nil 3.6

Mechanical Properties of Irradiated Glideop DSC and Copper Alloys

Material | Condition UTS | 02%YS | Elongation
(MPa) (MPa) (96}
C15720 Caontral jas 337 14
15 dpa 395 343 20
Ci5780 Contraol 466 387 12
15 dpa 449 379 11
CF Cu Contral 198 26 27
15 dpa 185 49 24
Marz Cu Control 152 21 24
15 dpa 149 41 17
Cu-Zr Control | 334 271 g
15 dpa 226 i1 34




SCM & Sandia

Glid-cop AL15 and ASCM MTL UT

Cryogenic_Temperature Tensile Properties (AL-15 12.5mm Thick Plate)"

Temperature (K) | UTS (MPa)| 0.2% YS (MPa) |Elongation (%)
293 482 455 10
IT 655 550 21
* By University of Texas
Room Temperature Properties AL-15, AL25
Grade | UTS(MPa) | 0.2% YS (MPa) |Elongation (%)/Hardness(RE)
AL-15 358 241 24 60
AL-25 413 287 16 65
Room Temperature Tensile Properties As Drawn vs After Braze Cycle
(AL-15 9.5 mm OD, .76 mm Wall) (by Sandia)
Condition Urs 0.2% Y3 Elongation Reduction in
(MPa) (MPa) {24 Area (5&)
As Drawn 486 451 B A
TiCuSil Braze Cycle
{5 min, 1143K) 427 362 18 38
TiCuSil Braze Cycle l
Extended (30 min, 1143K] 428 | 360 17 43
TiCuMi Braze Cycle |
(5 min, 1253K) 420 370 18 41
Elevated Temperature Mechanical Properiies, AL-15
Tube with 3/8" OD and 0.03" Wall Thickness (by Sandia)
Condition Temp. (C) Strain Rate{1/s] UTS [MPg) UTS/E R.A. (%)
Cold Worked 200 8.10E-04 | 384.3 3.25E-03 a7
Cold Worked 200 7.20E-05 370.8 | 3.14E-03 14.6
Cold Worked 300 1.00E-02 346.7 3.07E-03 27.6
Cold Waorked 300 7.10E-04 336.7 2.98E-03 28 2
Cold Worked 300 6.30E-05 314.7 2.79E-03 11.6
Cold Worked 300 5.40E-06 296.8 2.63E-03 | 10.7
Cold Warked 400 8.10E-03 294.7 2.77E-03 | 17.8
Cold Worked 400 7.90E-04 | 274,56 2.58E-03 | 17.2
Cold Worked 400 6.00E-05 | 262.2 | 2.47E-03 | 8.1
Annealed 200 1.10E-02 343.8 | 2.91E-03 38.0
Annealed 200 1.10E-03 327.7 2.77TE-03 29.3
Anngaled 200 1.10E-04 322.6 2.73E-03 16.9
Annealed 300 1.10E-02 300.4 2.66E-03 38.8
Annealed 300 1.10E-03 296.3 2.63E-03 14.2
Anngealed 300 1.10E-04 ZR5.2 2 53E-013 12 .9
Anngaled 400 1.00E-02 274.1 | 2.57E-03 28.6
annegaled 400 E.90E-04 260.7 | 2.45E-03 16.6
Annsaled 400 1.10E-04 253.8 2.38E-03 6.4
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SCM tech Datal

Glidcop Mechanical Properties (AL-15)

SCM Metal Products, Inc. Technical Data

Glidcop Mechanical Properties (Al-15 wire)

DiameternCold work  Condition UTS | 0.2% YS| Elongation |YS/UTS|YS Annealed/
{inch) [%a) {Anneal Temp F)| (ksi)| (ksi) | (%) in 10" | (%) [YS Drawn (%)
0.1 99.2 As Drawn 72 68 2 85
600 65 61 3 g4 a0
1200 58 49 11 | 88 72
1800 49 42 12 85 62
0.05 89.8 As Drawn 76 72 2 g5 |
600 66 62 3 94 | 86
1200 R 51 10 88 71
1800 52 44 11 85 61
0.02 95.9 As Drawn 87 83 2 95
600 70 66 3 94 g0
| 1200 58 52 9 88 63
1800 51 43 10 85 52
0.014 99.9 As Drawn ga 84 1 95
600 73 69 3 | 84 82
1200 59 52 8 88 62
1800 53 | 45 g 85 54
UTS (ksi) for Different YS (ksi) for Different
Diameter Wires Diameter Wires
| E 74 \ T2 | 3
i = b e
= 69 *-\\ g 67 \\
@ 62 e
w5 o 64 = @ '\\\\
5 < \\\\ g 57 N
o @ \\x
P \ g 52 %\
)
£ 54 NS S 47 — >
5 hd | =i
49 42 -
0 1000 2000 0 1000 2000
Temperature (F) Temperature (F)




SCM Tech Data2

Glidcop Mechanical Properties (AL-15) N

SCM Metal Products, Inc. Technical Data

Glidcop Mechanical Properties (Al-15 Strip)

ThicknessCold workl  Condition UTS | 0.2% YS | Elongation |YS/UTS|YS Annealed/
{inch) (%) |{Anneal Temp F) (ksi)| (ksi} | (%) in 2" (%) [¥S Celd Rooled
0.25 0 As Extruded | 65 48 6 g2

600 54 45 26 83 58
1200 54 43 28 80 83
1800 52 41 30 78 89
0.0%8 64 As Rooled 70 66 7 85
| 600 65 L 13 88 886
I 1200 61 52 21 86 79
1800 53 42 22 78 64
0.05 80 As Rooled 73 68 6 85
600 69 61 11 88 88
1200 61 52 20 26 75
1800 52 41 22 79 59
0.03 88 As Rooled 74 70 6 a5 |
600 69 | &1 11 58 87
1200 63 | 54 20 B6 77
| 1800 52 | 41 | 21 79 59
0.01 | =88 As Rooled gs | 84 | 4 95
800 70 | 62 | 8 88 74
1200 64 | &5 16 86 65
1800 g | 41 18 79 43
UTS (ksi) for Different YS (ksi) for Different
Thickness of Strips Thickness of Strips
72 .. BB

- =

@ =57 %\_ % E1 e .

s £ X 2\,

- = D\\\& » &b D‘*m,\w«x

o w 62 B = \;K

= @ o 51 i

.'-E.- 0 57 i = 4% 1

=1 ' R 2 i

52 4 [Tty ] 41 e
0 1000 2000 o 1000 2000

Temperature (F)

Temperature (F)




SCM Tech Datad

SUM Metal Products, Inc. Technical Data

Glidecop Mechanical Properties (AL-15)

Glidcop Mechanical Properties (Al-15 Rod/Bar)

DiameternCold workl  Condition UTS |0.2% YS | Elongation |YS/UTS| YS Annealed/
{inch) (%) |{Anneal Temp F}| (ksi)| (ksl) [(3%) in 0.54" (%) |YS Drawn (%)
1.125 0 As Extruded | 57 47 27 g2

600 57 47 27 82 100
1200 57 47 28 | 82 100
1800 56 | 46 29 82 98
0.750 55 As Drawn 62 59 24 95
600 62 58 24 94 88
1200 57 50 27 88 85
1800 | 67 48 ed 85 81
0.500 | 80 As Drawn | 66 | 63 21 95
600 65 61 21 94 97
] 1200 58 51 25 88 81
1800 57 48 27 85 76
0.275 a4 Az Drawn 72 B8 19 a5
600 67 63 18 94 93
1200 E9 52 24 88 76
1800 57 48 27 85 71
UTS (ksi) for Different ¥S (ksi) for Different
Diameter Rod/Bars Diameter Rod/Bars
68 &
b % = p ]
® 66 = 61 L
0 @ 59
P 252Ny
— ' \
nw = \\ i 55 \\\\'-. |
§ 2 62 SN g AR |
e AN iy N
o 60 &1
£ \&]\ E 49 h\\
= 58 -
= . }5 ﬂi“‘*u 47 u -
& 56 N 45 LI
0 1000 2000 1000 2000
Temperature (F) Temperature (F)
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Glid-cop AL15 LOX

Glid_COP AL-15 LOX

ASTM EB8
ASTM E21 JML Feb, 1831

Bar Size Test Temp. C  0.2% Yield Jltimate Tensile% Elong. in 4D %RA
Strength Psi__ Strength Psi

0.2500 0 42,800 56,400 26.4 61.5
0.2501 100 39,700 49,300 29.3 48.2
0.2497 200 28,900 39,600 19.2 22.3
0.2498 ano 21,400 28,800 9.3 13.0
0.2500 400 13,800 18,300 3.9 10.8
60,000 %/
50,000 [ =
= 40,000 - = Yield
& Strength
« 30,000 .
m _ﬁ ——{— Uitimate
¢ 20,000 + “ Strength
10,000
Q .

0 100 200 300 400
Temperature (deg C)




Tensile Strength — MPa

W A A O OO0 o
g O U o u;m o
Q O O 9 O D

300

100

Eloclrical
,..,,!......,..f Oc:qmncmmw__,‘_‘ it
- + 80
Tensile L
slrength
o o m + 60
5 & §
o & = 40
\ L 20
0.1 02 0.8 04 05 0B 0.7

Aluminum Content — WT,

Tallored Properties of GlidCcp DSC

%

Electrical Conduclivity — % IACS



Yield Strength — MPa

o
-
=

AL-15 Cold Worked 80% ! Brazing and
Glass — Metal
Sealing
Cu—2r /
(ebal 0L GlidCop ®
(AL—15)
OF Copper
(C10200)
N I YT N R R G R
0 100 200 300 400 500 600 700 800 800

Exposure Temperature — °C
Exposure Time 1 Hour

softening resistance of GlidCop AL-15 versus
0F Copper and Zirconium Copper.

INoke:

Properties measured at room temperature

after exposure to elevated temperatures).
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ULTIMATE TENSILE STRENGTH, MPa

TENSILE STRESS VS. TEMPERATURE
DISPERSION STRENGTHENED AND OFHC COPPER

600 T I T I

Al-15 COLD WORKED _|
CONDITION

Al-15 AFTER TICUSIL
BRAZE THERMAL CYCLE =

400

300 [~

200 |- COLD WORKED

OFHC COPPER

100 —

STRAIN RATE =1073 -1
| ] | |
100 200 300 400 500

TEMPERATURE, °C

The effect of temperature on the tensile strength of cold worked Al-15, Al-15 after an
extended (30 min. at 870°C) Ticusil braze thermal cyele, and cold worked OFHC
copper. OHC copper data frem reference 15. All data shown are for standard tensile
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ENG. STRESS (MPa)

EFFECT OF TICUSIL BRAZE THERMAL CYCLE
ON TENSILE PROPERTIES OF GLIDCOP AI-15
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ENG. STRAIN (%)

Room temperature tensile properties of Al-15 tube specimens subjected 10 2 standard (5
minute at §70°C) Ticusil braze cycle compared to cold worked Al-15. An engineering
strain rate of 8.2x107 57! was used for both tests.
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EFFECT OF TICUNI BRAZE THERMAL CYCLE
ON TENSILE PROPERTIES OF GLIDCOP Al -15
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ENG. STRAIN (%)

Reom temperature tensile propertes of Al-15 tube specimens subjected to 2 standard (5

minute at 980°C) Tieuni braze cycle compared to cold worked AL1S. An engineering
strain rate of 8.3x10™ 5'! was used for both tests.
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